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Abstrat
Brown ring disase (BRD) in the Manila lam is indued by the baterium Vibrio tapetis.
During the infetion proess, the pathogen enters the extrapallial ompartment of the Manila
lam and indues the formation of a harateristi brown deposit that gives the disease its name.
Although post-infetion proesses have been widely desribed for this disease, the mehanisms
of entry of the bateria into the extrapallial ompartment remains unlear. From relationships
between lam size and BRD prevalene, and between grainsize distribution in natural habitats
and prevalene, we propose a simple explanation for this step: V. tapetis benets from mehanial
disruptions of the periostraal lamina or valve margins to olonize the extrapallial ompartment.
Suh disruptions may be indued by the presene of large sediment grains in natural habitats,
whih beome lodged in the shell opening. This hypothesis suggests that limiting handling of
lams may help to limit development of BRD in ultured lam beds.
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1 Introdution
The Manila lam, Ruditapes philippinarum, was introdued in Frane for aquaulture
purposes between 1972 and 1975 (Flassh and Leborgne, 1992). In Frane, this venerid
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ulture beame inreasingly widespread, and sine 1988 natural populations have olonized
most embayments along the Frenh Atlanti oast, resulting in important sheries.
Brown ring disease (BRD) in this speies is a baterial disease indued by the pathogen
Vibrio tapetis. It was rst observed in 1987 in northern Brittany (Frane) and has rapidly
been reported along the Frenh Atlanti oast (Paillard, 1992). The disease is now observed
along the entire European Atlanti oast, from Norway to southern Spain, and in Italy
(Paillard, 2004b; Paillard, unpublished data). The disease, whih auses mass mortalities
in ultured lam beds, has severely aeted venerid ulture in northern Brittany but has
a lower impat in natural beds, where maximum prevalene reahes only 30% (Paillard,
2004b).
During the infetion proess, the pathogen proliferates within the extrapallial ompart-
ment and disrupts the normal prodution of periostraal lamina, induing the formation
of a brown onhiolin deposit on the inner shell; this harateristi linial sign gave the
disease its name (Paillard, 1992). BRD progression has been desribed in depth in Paillard
et al. (1994) and Paillard (2004b). The following steps for the disease progression have
been proposed by Paillard (2004b) : (1) adherene of the pathogen, V. tapetis, to the pe-
riostraal lamina; (2) penetration and olonization of the extrapallial ompartment; and
(3) formation of the anomalous brown onhiolin deposit, in whih the pathogen beomes
embedded. Althougth postinfetion proesses (i.e. after penetration into extrapallial om-
partment) have been widely desribed (see Paillard, 2004b, for a review), mehanisms of
entry of V. tapetis into the extrapallial uids remain poorly understood. Paillard (2004b)
stated that "in favourable onditions for the pathogen, V. tapetis olonization provokes
some alteration and rupture of the periostraal lamina whih allows the penetration of the
bateria into the extrapallial uids". By revisiting three unpublished data sets, we propose
a simple hypothesis to explain the entry of V. tapetis into the extrapallial ompartment.
2 Methods
All three data sets were olleted from intertidal natural populations in the Gulf of Mor-
bihan (southern Brittany, Frane) between 1999 and 2006 (Fig. 1). For all data sets, BRD
signs in the lams were monitored on the inner surfae of the lam shells aording to the
riteria of Paillard and Maes (1994) in whih onhiolin deposits stages (CDS) range from
mirosopi brown spots on the inner fae of the shell in the earliest stage (CDS 1), to a
thik brown deposit overing most of the inner shell in the most advaned stage (CDS 7).
The rst data set ame from a monthly monitoring of haemoyte parameters of Manila
lams at Ile de Bailleron (Fig. 1, site A) (FlyeSainteMarie et al., unpublished data).
During this survey, a total of 17 samples of 60 lams eah was olleted between the 6
th
of
July 2004 and the 20
th
of September 2005 (total : 1020 individuals). This survey inluded
individuals from a wide size range: from 26mm to 55mm (mean=37.80mm, SD=4.46)
along the maximum length axis. The prevalene of BRD was low (mean = 9.7%, SD=3.5%)
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Fig. 1. Map of the sampling sites of the data sets used for this study. A: Ile de Bailleron; B: Ile
aux Oiseaux. C1C7: Sampling sites of the third data set.
and showed no signiant variation during the sampling period (χ2 = 12.96, df = 16,
p = 0.675), allowing pooling of the whole data set in order to extrat a sizeprevalene
relationship. In this data set, disease intensity was also low: 80% of the aeted lams had
a CDS of 3 or less.
The seond data set was olleted on the 29
th
of Marh 2006 in Ile aux Oiseaux (Fig. 1,
site B). A total of 530 individuals was olleted and the size ranged from 11mm to 42mm
(mean=28.01mm, SD=6.49). In this data set, disease prevalene and intensity were also
low: average prevalene was 4.1% and 80% of the aeted lams presented a CDS of 3 or
less.
For these two data sets, individuals were distributed into 2mm size lasses; prevalene
(perentage of aeted individuals) was alulated for eah size lass. Size lasses with
fewer than 40 individuals (left and right tails of the size distributions) were exluded from
omputations. Relationships between lam size and prevalene were analysed using linear
models, the pvalue orresponds to the signiane of the linear model (i.e. probability
of the dierene between the value of the slope and 0).
The third data set ame from a survey of Manila lam density, BRD prevalene and Vibrio
tapetis abundane in the sediment, as estimated by an elisa test (Allam et al., 2002) in
the Gulf of Morbihan during 1999 (Paillard, unpublished data). During this study, sed-
iment ores were olleted at some of the sampling stations. Grainsize distribution in
sediment ores was measured following Weiss and Frok (1976). For seven stations (Fig.
1, sites C1-C7) both BRD prevalene and grainsize distribution were available, whih
allowed analysis of the relationship between those two parameters. For this purpose, the
relationship between the grain size of the upper 5% fratile of the sediment and preva-
lene was analysed using a linear model. In these samples, average lam size ranged from
32.92mm (SD=4.24) to 34.49mm (SD=5.98) and there were no signiant dierenes
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Fig. 2. Relationship between enter of the size lasses and prevalene in the data set from (A) Ile
de Bailleron (y = 0.94x− 0.25; r
2
= 0.52; p = 0.005) and the data set from (B) Ile aux Oiseaux
(y = 0.55x − 0.12; r
2
= 0.66; p = 0.028)
in lam length between samples (Kruskall Wallis, χ2 = 9.03, df =6, p=0.171).
3 Results and disussion
Figure 2 illustrates the relationships between lam size and BRD prevalene for the data
sets from Ile de Bailleron (Fig. 2 A) and from Ile aux Oiseaux (Fig. 2 B). For both data
sets, orrelation oeients were high (r2 > 0.50) and slopes were signiant ( p<0.05),
learly indiating a positive relationship between lam size and BRD prevalene in natural
populations. Suh a pattern has been widely desribed for parasiti disease of lter feeding
bivalves and is attributed to the greater probability that a larger (and presumably older)
individual (1) has been exposed to potential infetions longer and (2) has a higher ltration
apaity and resulting higher probability of enountering parasites, ompared to a small
lam (see e.g. Andrews and Hewatt, 1957; Guralnik et al., 2004; Villalba et al., 2005).
Figure 3 shows the relationship between the grain size of the upper 5% fratile of the
sediment in loalized habitats (Fig. 1, sites C1C7) and the BRD prevalene. For this
relationship, the orrelation oeient was high (r2 = 0.74) and slope was signiant (p
= 0.013), indiating a signiant positive orrelation of prevalene with the abundane
of large partiles in the sediment. This relationship suggests an inreased probability of
infetion linked to the abundane of large partiles in the sediment.
From these relationships, it an be hypothesized that a fator ontributing to the initiation
of the infetion (i.e. the entry of V. tapetis into the Manila lam extrapallial ompartment)
is a mehanial rupture of the periostraal lamina or hipping of the valve margins indued
by mehanial impat with large sediment partiles. In the sediment, when a lam is ative,
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Fig. 3. Relationship between grain size of the upper 5% fratile of the sediment and BRD preva-
lene in the sampling stations of the third data set from Gulf of Morbihan (see Fig. 1, sites
C1-C7); (y = 0.0228x − 8.37; r
2
= 0.74; p = 0.013).
its siphons are extended out of the shell and in diret ontat with the sediment; when the
siphons retrat, sediment partiles adherent in siphon muus, may be trapped between
the valve margins. Moreover, sediment partiles may be trapped within the shell aperture.
When the lam loses its valves, these partiles may disrupt the periostraal lamina or hip
the shell edge, thereby opening a portal of entry for the pathogen V. tapetis. Sine siphon
surfae area and shell aperture length are diretly related to lam size, the probability
of trapping a potentially deleterious sediment partile may inrease with size, providing
an additional potential explanation for the size/BRD relationship in natural populations.
This hypothesis may also explain why early linial signs are frequently observed in the
siphonal area (Goulletquer et al., 1989; Paillard, 1992; Paillard et al., 1994; Paillard and
Maes, 1994).
Seasonal variations in BRD are not always observed, espeially when average prevalene
is low (rst data set; Paillard, 2004a). Epidemiologial surveys of BRD showed that
aeted lams are found throughout the year, but generally, the prevalene of BRD signs
inreases toward the beginning of the spring and dereases toward the beginning of the
summer (Paillard et al., 1997; Paillard, 2004a). Low temperatures during the rising phase
of prevalene have been suggested to explain this pattern (Paillard et al., 1997, 2004;
Paillard, 2004a,b). However, this period also oinides with the beginning of the growth
season (Goulletquer, 1989); the newly alied layer on the valve margins may be more
suseptible to mehanial disruption. Therefore, disruptions of the periostraal lamina and
valve margins may our more frequently during this period. Thus, seasonality of BRD
development ould be explained both by low temperatures and weakness of the valve
margins.
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4 Conlusion
This study suggest that the pathogen V. tapetis may benet from mehanial disruption
of the periostraal lamina or the valve margins to olonize the Manila lam extrapallial
ompartment. These disruptions may be indued by the presene of large sediment grains.
This simple hypothesis provides a valuable explanation for some of the observed BRD
development patterns. In ultured lam beds, limiting rough handling of lams, espeially
at the beginning of the growth season (spring), may help to limit development of BRD.
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